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STUDIES  ON  GROWTH. 


n      ON  THK  PROBABLE  NATURE  OF  THE  SUBSTANCE  PRO 

MOTINO  GROWTH  IN  YOUNO  ANIMALS 
•«v  CAHIMIU   FUNK  *.      AUCHIHALI)   tlUlCK   MACVLL.  M  • 

AV„.  M.  rancr  H.„,m  H.„,„cK  ln,U.uie,  /.„«,/„„,  .,../  M,  tf „.*,.„„ 
l^iboraUiry,  Umveriity  „/  Toronto.) 

iReeeived  for  puhlio«tion,  October  S,  I9t,v  , 

Si«.-«  th|.  romarkal,!,.  work  of  ()H..„rno  an.l  \fo„d..|,'  Hopkin.  ' 
...n  M..r  olh.n.  arui  ..avin.  wh„  have  nhoH-n  that  a  v..„„«  ,  „.l 
.■qu  ms  .so,n..,l„„«  .,H...ial    bo.i.i..  ,(..   usual  foo.r  rJu,    !    [ 

or  .U  proc,.«.s  of  «ro«,|,,  ,h.>r..  h,.s  b,.. u-h  .l.s.nKs.o,  ,. 

th.!fxa<'t  nature  of  fhJM  onxlurt      In  ..nr  .     ,  •  ■"  n  a-  lo 

thi«  mil.im.t  ....  I         V     I"^"'»'ft-     In  our  lu  -f  paper*  w.'  <lmcuHK,.,| 
Urn  sul.jo.  t  an.l  ,k,»,(...|  out  that  mo.t  work-rs  n-Ranl  fh.  urnw.l, 
factor  a8  l,o.n«  .•lo.H.v  as«o,-iat,..|  with  fa.s.     tI  ..  '  ,.n    m 
evder...  whu-h  1....  ,..  ,his  op.nion  vva.  hrou.ht  for;  nl  ! 

and  Mnn<l..|"  and  later  Osborne  an.l  VVak..n.an'  fo.in.l  .1,.,  „, 
«o<    ^mer,  whi..h  in  their  opinion  was  f.-e  fron.  nl 'pIk:  .^  ^ 
.t.ll  able  to  p,o,„..,e  Krowth  in  youn«  raf.s.     !„  ..ur  earluT  nj., 
we  foun.    that  even  th..  purified  butter  contains  traees  .fnl 
.'..."s  sub,stane..s.  an.l   therefore  might   po.nib.v   ..on.ai,'    tr"'. 

^Hopkins,  F  G.,  Jour.  I'h,j,u.l.,  1012,  xliv,  42.5. 
^         'mk,  C  .,  an.l  .Mac.llum,  A.  M.,  ZUchr  /.  pAj,„„/.  CAem.,  191.,  xrii, 
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SiikUpm  on  (i  row  ill 


of  vititiiMiKo,  nil  i>|iiriifiii  whii'h  i«  nhnml  hy  Mi'<  uttiiiii  hikI  Davic 
Kff'i'ritly  NtiiiArthiir  nml  l.iiikcll '  Imvc  foiinil  ilmt  ili.-  Knmili 
pnmicttiiiK  ■tilwintirc  in  imi   loritntntil  in  ilir  rthiT-xiduhlr  frii. 
film,  uixl  tli«v  nU.  HtiKKfKl  iIh'  r>«>-»iliiliJy  of  vitniiiituit  m  a  <(h.|,„ 
To  loinplt'if  our  firsi  iniimt  wt-  i-nrri.-.!  out  a  ttrtwn  of  ••xp«ii 
itH'Mtn  OH  youiiK  .all*  Willi  orilitmry  Liilh-r  nml  |»nrilii-.|  Imii. 
fnt  u«  111.'  fu»  frn.Jioti  of  llii.  .Iiri      jtntti  mih  l.iiMir  iiml  iMiriM. 
IhiIIit  fnt  nil  111.-  niiimnlH  liml  nfti-r  live  to  m-vptx  wii'kx,  iilthoiiirl 
on  tin.  fiiriiiir  <lii>l  a  Hliiht  itiitinl  nilvttntaRf  wnn  iiotirwl.     Hi 
IH-niiiiit  •Ih-hc  cxiHrinwritK  on  piKfoiM  m>  ronviin-i-d  i.urwlvi* . ' 
111!    innliiiily  of  lK)tli  iJirtM  to  prr'Vi'iit  I  In-  iiiimi  of  ln'ri-U-ri  >iyin|. 
loitm.  iiiiji)  iiiiiiK  the  ni>M>ncf'  of  or  an  in-iiffirifiit  qiiuntity  of  Ix^n 
lM<ri  vitniiiinc. 

Ill  our  «iil)iHH)iM'iit  PxiN-riiiH'iitii  wi-  iiicri'iw«'«|  t\u-  inrfffitagi'  ..i 
liiitlcr  mill  pur.  I.uttir  fnt  in  tlii<  .li.t«  from  I'.' to  :{()  |Mr  r.-nt  with 
tlif  winir  ni-KHfivi'  nitult  in  nil  viuwn.  ( »n  Im)||i  ilicls  tin.  rnN 
showfil,  twptify-four  t*  forty-«>i|{ht  liourH  lM<fi.r.«  ilmtli.  n  .•omli 
fion  of  NimKlir  contraction  niM^nililing  luiincwhat  nviaii  Iwri  U  n 
or  infniitilc  t.tiuiy. 

\\i'  !il.«o  curried  out  cxpiTiiiM-ntK  in  which  incrcaitinK  uiiiouni. 
of  Hiariti  wi>ri-  replaced  l.y  equivalent  <|imntiti*^  of  uniMtliKlnl 
rm\  with  lard  us  the  fat  fraction  of  ihe  diet.  The  ri'«ull.i,  wlui  li 
were  tending  to  xupfMirt  the  vitaniine  theory  of  growth  of  one  ..• 
UH,'»  were  Htili  uimatinfactory,  althotiKli  the  diet  coniaininK  'Ik 
InrKf.a  iKTci-ntaKe  «>f  unjK)li«hed  rice  proved  to  U-  much  ImII,  i 
iMith  for  maintenance  and  growth  than  tlmne  diet«  in  which  l>ii' 
ter  wiw  uw'd;  yi-t  thin  was  hnally  inade<pmte  ax  the  anitimlM  d. - 
clined  after  nine  works. 

F'inally  we  ma.le  up  diets,  with  butter  uw-d  ax  fat,  ti.  wlii.  h 
from  2  to  (i  jxt  cent  of  (lrie<J  hrewer*!!  yeaxt  wax  added.  On  tin- 
diet  we  havi>  obtained  Hucceawful  growth  and  maintenance.  .A, 
the  growth-promoting  factor  i.-*  iM-yond  (piestion  contained  ii, 
yeast,  we  intend  to  fractionate  the  yea-st  and  .show  which  fraction 
contaiiiM  the  'lyjMithetical  growth  Mubntance. 

The  butter  wa.s  purified  as  indicated  in  our  earlier  pajier.'    Tli. 
casein   was  purified   by  extraction  with   hot  alcohol.     Thefiid 

•McCollnni  anil  Davii,  Jour.  Biol.  Chtm.,  1914,  xix,  245. 
•  MacArthur,  C.  G.,  and  Luckett,  C.  L.,  Ju„r.  Hiul.  Chem.,  1915,  xx,  lill 
'•  Funk,  C  ,  ZUchr.f.  physiol.  Chem.,  1913,  Ixxxviii,  352. 
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<;.m.po.,ti.,„  „f  the  ..It  n.uture  »m  the  »me  m  in  the  «xiM.ri 
in.-nt«  of  O.lMjrne  and  Mendel  "  MiMsri- 

two  rat,  ..ch  of  which  wa.  fod  on  Diet  I  (ordinary  bmter)  A«  rente 
..•need  hy  the  upper  curve  the  rat.  .how«i  a  .light  initial  ,1  in  we..h 
|"..l  ma.nten.nce  for  a.«nU  30  day.;  then  a  rapid  decline  let  nwi.hflu 

ir  Th  :'"'\*r  "'""•"^l  f"""  l'i«t  I  to  Diet  IV  on  the  twentieth 
l»y.  1  he  efTeot  of  the  addition  of  dried  brewer',  yea.t  wa.  .trikZ  The 
r..-  ...ddenly  recovcrr.l  and  grew  nonoally  up  to  the  end  of  the  exneri 

Tdcd  tl  „v"'  "'  '""^  **"' '""  »"-•"''">'-"  'he .  t:  t  n  r; 


''  Funk,  ar<.rAr./.  phy>i„l.  Ckem.,  19U,  Ixxxix,  .173. 
<)»l.orne  and  Mendel.  Jour,  liu.l.  I'htm.,  I9I3,  xv,  .-Jll. 
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Km  I  Ipper  curve,  Rau  ifi  and  36.  Uwer  outvt,  KaU  37  and  3S 
«hj  tbe  curve  at  the  point  (•;  Ui«t  i  wae  chaoged  to  Diet  IV  Rati  2ft  and 
.■«  >lir.l  after  36  dayi  on  Diet  I. 
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30  40         DAYS' 

Fig.  2.  Upper  curve,  Itatg  31  and  32.  Lower  curve,  Rats  29  and  30 
At  rhe  point  (*)  on  lower  curve  Diet  II  was  changed  to  Diet  IV.  Rat«  M 
and  32  died  after  40  days  oo  Diet  II. 
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Kxp^nmenl  III.    Chart  HI.     In  thm  ..xprri„.o„t  the  upper  curve  illu, 
r»t..  th«  w.,«ht   o     two  male  r«.„.  „a,i  the   h.wer  n.rvo  "he  we  .      „," 
-wo    emale  raM      Tp   „,  ,„  .,ay,   D.et   III   w„,  „,e.l   (with  l-  per  o.n 

.«  end  of    he  experMnen,  .lower  curve).     In  (ho  other  exper„„o„t  I  io 

.-..e,!  al.ruptly   „„.l    ,h..   a„i,„„u   rapidly   derli„e.l.    -X.,  rnark".!  ,    ffer 

I  he  .letaiU  of  the  oxperin.ont  are  recorded  below. 


l'pp«  curve,  luta  33  •nil  34. 
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Our  new  series  of  experiments  clearly  show  the  absolute  ina- 
lulit>  of  either  butter  or  purified  butter  fat  to  stimulate  the  growth 
of  younr  rata.  Thts  result  eould  only  be  expected  from  our  ex- 
penments  with  the  same  diet  on  pigeons,  which  have  shown  the 
al-sence  of  vUamine  in  butter.  From  the  tables  we  see  a  strict 
dat.onship  between  the  growth  observed  and  the  food  taken  in 
Ue  also  not.ee  that  the  addition  of  yeast  stimulates,  directly  or 
•i'd  rectly,  the  appetite.  The  calorific  determination  of  the  food 
and  feces  shows  m  all  cases  a  practically  complete  absorption  of 
t(.o  food  by  the  digestive  tract,  as  the  calorific  value  of  the  feces 
^presents  but  from  2.5  to  5  per  cent  of  the  calories  taken  in  by 
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Fio.  3.  Fpper  curve,  Rats  33  and  34.  Lower  curve,  Rats  35  and  M, 
To  the  left  of  the  dotted  line  Diet  III;  to  the  right,  Diet  IV.  At  the  pni„t 
(  )  Rats  33  and  M  were  changed  from  Diet  IV  to  Diet  II. 
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the  ani,nal«.  Whoth^r  y,.a«t  alon.-  with,..,.  l.utU-r  (r..pl«..,..|  hy 
l^rd)  w.ll  proclur,.  „on„«l  Krowth  in  nits,  ,,,,.1  wlK.fhor  .Imt..  an- 
one  or  mor..  .■o,„rK.,„.,„.  i,,  y.-ast  vvhi.l.  «fi,n„la»,.  k,o«.I,  in 
under  in vpnI nation.  «'"»iii.  i» 
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N'-      »:     Ihc   .heuus.ryol    whet   ^hn.u.    In    K.    l,.    \vsm,,„...    o.  v^ 
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No.    7      TlK  J,s„,b>,t,„„  o.  !..,,  d.lori.lcs,  phosphates,  potassium 
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